[P la te s 11-12] E x tra c tio n of certain G ram -positive m icro-organism s w ith a 2 % solution of a bile salt (preferably sodium cholate) strip s th e cell of a n essential p a rt of its dye-retain in g con s titu e n t leaving a G ram -negative cytoskeleton. F ro m th e bile-salt e x tra c t th ere w as sep a r ate d a fraction w hich could be p la te d b ack on su itab ly reduced cytoskeletons an d th e re b y restore in a large m easure th e G ram -positive c h aracter of th e cell. T he essential ag en t in th e e x tra c t w as m agnesium ribonucleate, a n d it is considered th a t th e G ram -positive or dyeretaining co n stitu en t is a nucleoprotein form ed b y th e com bination of ribonucleic acid w ith a basic p ro tein in th e cytoskeleton. The stripping an d rep latin g processes could be dem on s tra te d b y photom icrographs ta k e n in u ltra-v io let light.
In addition to the Gram reaction there are a number of differential features which distinguish Gram-positives from Gram-negatives. These have been set forth by Churchman (1929a) and more recently by Dubos (1941 Dubos ( , 1942 .
In stained smears of Gram-positive organisms there occur at times individual cells which are Gram-negative. To describe these as senescent or dead ceils provides no explanation of their loss of staining capacity. Churchman (1927) found that suspensions of B. anthracis lost Gram-positiveness when brought into contact with small amounts of gentian violet, acri-violet and acri-flavine. The bacilli became much thinner, their diameter being about 40 % less than the normal, and the cell-free filtrates from such preparations were presumed to contain proteins because they gave a positive ninhydrin reaction. On these findings Churchman postulated the existence of a Gram-positive cortex and a Gram-negative medulla. Later, Churchman (19296) was able to produce a similar effect with two strains of Staphylococcus by exposing them in aqueous suspension at 52° C for 10 hr. or longer.
We have been able to confirm Churchman's observations in respect of anthrax and Staphylococcus, but we interpret them quite differently. We find that the changes he has described are due to autolytic enzyme systems. In fact nearly all the Gram-positive organisms we have so far studied have been found to possess such systems, the potency of which depends upon the selection of a suitable strain and on the carrying out of the experiment at an optimal temperature and at an appropriate pH range. These investigations will be described in a later communication.
It may be recalled too th at Gutstein (1924 Gutstein ( , 1925 Gutstein ( a, 19256, 1926 , by means of elaborate staining and mordanting technique, came to the conclusion th at the ectoplasmic part of the bacterial cell was responsible for 4 Gram-fastness', and th at this ectoplasm consisted of a basic ground substance plus an acid lipoid.
But more interesting perhaps than the findings of Churchman and Gutstein are the earlier investigations of Deussen (1918) , which appear to have been largely overlooked. In his first experiments Deussen dealt with the circumstances which led to the conversion of Gram-positives into Gram-negatives. As this transforma tion could be effected by acids and alkalis and also by autolysis he concluded that the change is the result of a chemical process. He found, too, th at commercial preparations of nuclein and nucleic acid were Gram-fast and lost this property when treated with sodium hydroxide. His tests with tongue epithelium and with sperms showed that here, too, the change from Gram-positive to Gram-negative could be brought about by the same simple chemical means. In his second report Deussen (1921) deals with methods for obtaining Gram-negative cells. Yeast, for example, became almost completely Gram-negative when treated with 2-4 % sodium hydroxide. At the end of an extraction the cells were full and round, but on being washed with water four or five times they became very much shrunken, showing th at they had lost a large part of their contents. Further, Deussen found th at salts of nuclein and nucleic acid diffused through the cytoplasmic membrane of these distorted cells so th at they became Gram-positive, while analogous experiments with albumin, casein, peptone, and lecithin led to negative results. Yoghurt bacilli reacted in the same way as yeast when treated by similar methods. It is unfortunate th at the illustrations which accompany Deussen's second paper are disappointing and unconvincing.
An entirely different explanation of the Gram reaction has been put forward by Benians (1912 Benians ( , 1919 , who has attributed it to the integrity of the limiting cell membrane. So long as this membrane is intact it does not readily allow the passage through it from within outwards of the large dye-iodine compound which is formed inside the organism in the process of staining. The breaking up of an organism by physical pressure does destroy its entity, as he has claimed, but his further claim th a t the chemical properties of the resulting amorphous bacterial substance persist unaltered cannot be upheld. That Gram-positive organisms can be converted into Gram-negative debris by crushing is often true enough, but it can readily be shown that this debris becomes Gram-positive if it be treated with a suitable reducing agent.
Striking differences exist in the selective bacteriostatic and bactericidal action of antibacterial agents on Gram-positive and Gram-negative species (see e.g. Dubos 1941 Dubos , 1942 and also Baker, Harrison & Miller 1941) . Thus it appeared to us th at a study of the chemistry of the complex in Gram-positives which is responsible for the retention of the basic stain, would be of fundamental importance inasmuch as it might lead to a knowledge of the mode of action of some of the newer bacteriostatic agents such as gramicidin, penicillin, etc.
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The similarity of autolysis and of bile solubility in the case of the Pneumococcus suggested to us the use of bile salt as a means of fractionating the Gram-positive molecular complex.
Our earliest experiments were carried out with a commercial preparation of bile salt termed sodium choleate. When this supply was finished we used sodium glyco-taurocholate. More recently a series of bile salts and their derivatives prepared in this laboratory (in collaboration with Dr F. Smith and Mr M. G. Webb) have been tested, and some of these have been found to be much more useful for our purpose than commercial products.
Washed Cl. welchii cells harvested from 4 to 5 1. of an 18 hr. broth culture are suspended in 200 c.c. of 2% bile salt in normal saline. This mixture is poured into a screw-cap bottle of 300 c.c., which is set in a water-bath at 60° C. I t is shaken from time to time when the cells show signs of settling down.
The course o f £ stripping ' of the cells can be followed by removing and examining small samples from the bottle. These samples are centrifuged, the deposits are washed two or three times in saline, and then Gram preparations are made. At the same time the washed deposits are resuspended in 0-4 % formaldehyde saline and left in this overnight. Thus there are available for the Gram reaction two pre parations from each sample-one of the cells washed free of extract and bile salt and the other of these washed cells treated with formaldehyde. Specimens of the first series, which appeared to consist entirely of negatives, often showed a varying number of positive cells after contact with formaldehyde, so that the only reliable indication of change from Gram-positive to Gram-negative is that furnished by washed cells that have been so reduced.
The time taken by bile salt to bring about the maximum of extraction varies from 12 hr. to 5 or 6 days and is dependent on a number of factors. As a rule rough strains are more susceptible than smooth strains, while thin suspensions of cells react more quickly than thick. Of the bile-salt preparations used sodium cholate is the most active.
The method of extracting yeast with bile salt is practically identical with that already described for Cl. welchii. Fifty grams of moist yeas 200 c.c. of 2 % sodium cholate and kept at 60° C in a screw-capped bottle of 300 c.c. capacity. The course of 'stripping' can be followed by examining small specimens of the suspension from time to time. The transformation from the Gram-positive to the Gram-negative state may occur in from 3 to 36 hr.
Centrifuged deposits from bile-extracted suspensions show in the most successful experiments a mass of Gram-negative cells, but it is nearly always possible to find one or two positive individuals on searching stained microscopical prepara tions. Where extraction is less complete Gram-positive cells in varying number may be seen scattered throughout the smear. These Gram-positive individuals can be thrown down in the centrifuge as easily as washed normal cells, whereas the extracted Gram-negative cells would seem to be much lighter, for they need much longer centrifuging. I t is thus possible to bring about a partial separation of negatives from such positives as may be present in a mixture.
These Gram-negative cells set in formaldehyde saline can be stored in the cold room, and are used for the coupling experiments to be described later.
The bile-salt extract, when separated in the centrifuge, is a translucent yellow fluid which yields a good precipitate with 2 | vol. of alcohol. When dried the precipitate becomes a white or slightly grey amorphous powder, readily soluble in water. Its solutions give a negative or very weak biuret reaction, a strong Molisch test, a positive pentose test with Bial's reagent, and reduce Fehling's solution after acid hydrolysis.
The amount of material removed from cells by bile salt may be considerable. For example, in two 20 1. lots of Cl. welchii culture the bile-salt extract of the washed cells gave alcohol precipitates of 1-1 and 1*8 g., while the dried residue of extracted cells was 51 and 5-6 g. respectively, so th at the amount of material removed from the cells represents between one-fourth and one-fifth of their total dry weight. On the other hand, the amount of bile-salt extract from each 100 g. sample of eight different batches of brewers' yeast varied from 2-0 to 2-46 g. with an average of 2-32 g., which represents about one-tenth of the dry weight of untreated cells.
In addition to the experiments embodied in this report the bile-salt method has given successful results with the following:
(1) Anaerobic bacteria: B. oedematiens, B. and (2) Aerobic sporers: B. a n t h r a c i s , B . mycoides, B. mesentericum and therium.
(3) Certain strains of streptococci and Sarcinae.
(2) The reconstitution of the Gram-positive molecular complex
Early in the course of our investigations with it was found th at alcoholic precipitation of bile-salt extracts from which cells had not been com pletely removed gave microscopic preparations of deposits in which there existed considerable percentages of Gram-positive individuals, though these same cells when washed clean of extract proved to be completely Gram-negative. As a result it was found possible to bring about combination of Gram-negative cells, i.e. cytoskeletons, with some constituent of the bile-salt extract so that these became Gram-positive again. It was found, for example, th at 1 vol. of washed cyto skeletons with 1 vol. of 1 % extract and 1 vol. of alcohol often gave successful results. It soon became apparent, however, th at not every batch of extracted cells acted in this fashion and that batches differed greatly in the property of recombining with extract.
Ultimately it was discovered that cytoskeletons became receptive after treatm ent with suitable reducing agents and th at combination occurred by simple contact at room temperature. Sodium sulphite, glyoxal, sodium bisulphite, ascorbic acid, dihydroxymaleic acid, thioglycollic acid and formaldehyde have proved to be effective in rendering bile-salt extracted cells capable of recombining with extract.
The technique is as follows: Bile-salt extracted Gram-negative cells, well washed in saline, are suspended in saline containing 1 % reducing agent and left for 18-48 hr. They are then washed free of the reducing solution, taken up in saline and mixed with an equal volume of 1 % alcohol-precipitated bile-salt extract. Smears taken at fixed intervals show that the time necessary for the plating of the cytoskeletons so that these become Gram-positive varies from a few minutes to several hours.
Further coupling experiments showed that Gram-negative yeast cells when treated with a reducing agent became Gram-positive again just as readily with Cl. welchii extract as with yeast extract and conversely, the same successful result followed when extracted and reduced Cl. welchii cells were thrown into contact with yeast extract. The fact that the extracts are interchangeable suggested not only that they contain the same or closely related substances but also that there may exist a similarity in the chemical structure of that part of the cytoskeletons with which combination occurs.
At this stage in the investigation there became available for coupling experi ments a large number of samples resulting from the fractionation of both welchii and yeast extracts. The methods of obtaining these fractions are set out in § (3) of this report. The samples were tested individually for their capacity to restore Gram-positiveness to extracted and reduced Gram-negative cells, and on this basis they could be segregated into two groups, those which gave negative and those which gave positive results. The former proved to be chiefly carbohydrate in character, while the latter were found to give reactions suggestive of nucleic acid.
Thereupon coupling tests were carried out with commercial samples of both the nucleic acids and of such of their derivatives as were obtainable. The following gave completely negative results: adenylic acid, guanylic acid, adenine, guanine, guanosine, guanine sulphate, adenine sulphate, guanine hydrochloride, adenine cytosine dinucleotide and deoxyribonucleic acid.
In fact the only commercial product which gave a positive reaction was the sodium salt of ribonucleic acid. Yet even in this case the coupling occurred more slowly and often with less intense results than with some of our crude bile extracts; so that these last appeared to us to contain either a more strongly coupling nucleic salt or some factor which perhaps accentuates the coupling effect. I t was then found th at the fractions in the extracts which were most effective in coupling tests contained not only nucleic acid but also magnesium, and on preparing the mag nesium salt of ribonucleic acid it was found th at receptive cells combine with this salt with great avidity, yielding preparations which stain intensively by the Gram technique.
(3)
The separation and fractionation of bile-salt extracts Preparation and fractionation of the extracts was carried out as follows : Examination of the bile-salt extract of Cl. welchii cells. The extract was separated from the cytoskeletons by centrifuging for 3 hr. and was concentrated in a vacuum to half-volume. Alcohol (2| vol.) was stirred into the solution giving a flocculent precipitate which was collected (centrifuge). This material gave the usuaJ tests for proteins, including biuret, Sakaguchi, etc., for pentose-carbohydrate (Molisch and Bial's) and for deoxypentose (Dische and Feulgen as indicated below) and contained significant amounts of phosphorus. It was dissolved in a small amount of water and acidified with hydrochloric acid when there separated a thick curd-like white precipitate which was immediately collected (centrifuge), washed with alcohol and ether, and dried in a vacuum. Addition of ethyl alcohol to the super natant solution gave a white precipitate which contained insignificant amounts of phosphorus and pentose and which was shown to consist mainly of a polysaccharide showing [a]ff -20° in water (c= 1*1).
The phosphorus-containing precipitate was dissolved in 2 % sodium acetate solution at pH 8 and then adjusted to pH 4-5 by addition of dilute acetic acid. There separated a small amount of insoluble material, mainly protein, which was removed (centrifuge) and was not further examined at this stage. Addition of dilute acetic acid to the clear supernatant gave a white precipitate which was purified by being reprecipitated three times by acetic acid in a similar manner and was thus obtained free from protein. It was taken up in 2 % sodium acetate and then precipitated by alcohol from solution and was washed with ether and dried. It gave the following analysis: C 39-6 % , H 5-8 % , N 13-7 % , P 9-2 %, ash 8-7 % , Mg 3-2 %, Na 2-0 %, and showed a strong absorption band at 2600 A. It gave all the tests typical of the salt of nucleic acid. It showed pentose tests indicative of the presence of ribonucleic acid and the Feulgen (1919 Feulgen ( , 1924 and Dische (1930) tests for deoxyribonucleic acid. Quantitative estimations indicated that the fraction contained approx. 90% ribonucleic acid and 10% deoxyribonucleic acid.
Analysis of the cytoskeletons showed the presence in them of relatively large amounts of protein which was specially characterized by giving intense Sakaguchi and biuret tests. A small amount placed on damp, red litmus paper immediately turned the paper blue. The Molisch test was strongly positive and a typical analysis showed P 0-1 %, Mg 0-1 %, N 11-7 %.
Bile-salt extract o f Saccharomyces cerevisiae. The bile-salt (sodium glycoc solution was evaporated in a vacuum to half-volume and the product in solution, precipitated by adding ethyl alcohol (3 vol.), was isolated and dried. When freshly prepared it was soluble in water showing [ajff-f 22° (c= 1-0), gave weak Sakaguchi and biuret tests, and strong Molisch, pentose, and phosphorus tests. It was dissolved in water at pH 4 and shaken with chloroform according to Sevag's (1934) method. The insoluble precipitate was separated (centrifuge) and the whole fractionated according to the following scheme (all rotations were taken in aqueous solution):
Histochemistry of the Gram-staining reaction for micro-organisms 397 p re c ip ita te from bile-salt e x tra c t (4-5 g.) Inasmuch as these and further corresponding polysaccharide preparations were inactive in the replating process they were not collected in later fraction ations.
In further preparations the use of Sevag's method was discarded when it was found that addition of an equal volume of absolute alcohol to the bile-salt extract gave a fraction which contained all the active material. This fraction contained N and P, and the intensity of its absorption band at 2600 A indicated that about one-third of it consisted of nucleic acid. A further fractionation was then carried out according to the following scheme:
H. Henry and M. Stacey Fractions F 5.4 and F 5.5 could satisfactorily be plated back, as described later, on to reduced cytoskeletons. These two fractions were combined, dissolved in 2% sodium acetate solution and reprecipitated according to the method described for purifying the Cl. welchii nucleic acid. The material contained N 13-7 %, P 9-2%, Mg 3-2%, and showed [a]£,°-t-6° in water (c=l-0). It was protein-free and was completely free from deoxyribonucleic acid.
A typical sample of Gram-negative yeast cytoskeletons had N 11-5%, P 0-2 % , Mg 0-1 %, and contained considerable amounts of carbohydrate and basic protein material. The Sakaguchi test was vivid.
Isolation of magnesium ribonucleate. A sample of fraction F5 (3 g.) was carefully dried and extracted by vigorous shaking for 24 hr. with water (100 c.c.) and then centrifuged. To the clear supernatant liquor an equal volume of alcohol was added, and after standing overnight the precipitate was collected (centrifuge). The process was repeated four times until no more insoluble material was present. The product, washed with alcohol and ether, was a white powder (IT g.) soluble in water, [a ]if + 7°; P 8-9%, N 13-5%, Mg 5-0%, and gave a strong absorption band at 2600 A. This material was degraded by the method described by T. J. Bates (1942) , and from it was isolated crystalline adenosine and guanine which were further treated to give syrupy eZ-ribose, characterized by formation of the charac teristic p-bromphenylosazone.
Investigations on commercial yeast nucleic acid. Various specimens of commercial yeast nucleic acid were now fractionated, and samples of calcium, sodium and magnesium salts of ribonucleic acid were prepared. It was shown repeatedly th at these preparations could be plated back on to stripped yeast cytoskeletons to restore partially the original Gram-positive character. Magnesium ribonucleate was prepared as follows:
Magnesium ribonucleate from commerical yeast nucleic acid. The sodium salt of commercial yeast nucleic acid was dissolved in water and cautiously acidified with acetic acid to pH 4-5 when a small amount of protein was separated (centrifuge). Dilute hydrochloric acid was now added and the curdy precipitate collected and washed on the centrifuge with water. It was dissolved in faintly alkaline solution, again precipitated with hydrochloric acid and then dialysed through cellophane for 12 hr. The solution was now stirred at 40° for 24 hr. with an excess of magnesium carbonate. The undissolved material was removed, the solution concentrated in a vacuum to small volume and poured into absolute alcohol. The product was washed with ether and dried. It had in water, N 13-5%, P 9-0 % , C 39-0 %, H 6-0 %, Mg 5-2 %, and showed an absorption band at 2600 A. Material made in this way was used in many replating experiments with various organisms.
Isolation of nucleic acid from B. subtilis. B. subtilis cells were extracted with 2 % sodium choleate in the manner described for Cl.
and from the centri fuged solution a precipitate was obtained by addition of an equal volume of alcohol. It was reprecipitated several times from faintly alkaline solution by addition of acidified alcohol and was obtained as a white fibrous precipitate free from protein. It had N 11-5%, P 6-8 %, and gave strong tests indicating the presence of both ribo-and deoxyribonucleic acids. Aqueous solutions of the product were extremely viscous, and the crude nucleic acid appeared to be combined with a polysaccharide residue. The crude nucleic acid could be plated on to yeast cytoskeletons.
Isolation of nucleic acid from
Pneumococcus. Pneumococcus Type I was grown in broth, allowed to autolyse and then kept in 1 % phenol for 24 hr. until quite sterile. The solution was shaken with chloroform and centrifuged. Bacterial 'debris' was precipitated by the chloroform which was removed by washing the precipitate with alcohol. The precipitate was now extracted with bile salt at 60° in the usual way and insoluble material removed (centrifuge). A product was separated from the bile-salt solution by addition of alcohol (2 vol.), and it was purified by being reprecipitated several times from alkaline solution by dilute hydrochloric acid; it was isolated in the usual manner.
The product contained both ribo-and deoxyribo-types of nucleic acid together with basic protein material. Details of these preparations will be presented in a later communication.
H. H enry and M. Stacey (4) The cytology of normal and of extracted cells
A. Cl. welchii cells. The structure of a bacterial cell may be best described, perhaps, by using the terms which are familiar to the cytologist who deals with plant tissues. The main bulk of the cell, the protoplast, consists of a mass of cytoplasm which must contain the nuclear elements th at take part in cell division. Surrounding the protoplast is the cell membrane and outside th at the cell wall, on which such a structure as a capsule may be built up. The capsule in the case of Cl. welchii may be very obvious if sought in smears of infected tissues, but it does not occur in cultures.
In the Gram reaction the normal welchii cell takes on a deep dark blue stain (plate 11, figure 1), and one may assume th at the material which takes on the basic dye and holds it is either diffusely distributed throughout the protoplast or is evenly spread on its surface. This dispersal is more obvious with ultra-violet photographs (plate 12, figure 9), where the solid appearance of the Gram staining is represented by an infinity of small discrete granules, tightly packed together.
Cl. welchii cells in process of extraction by bile salt show th at the normally dispersed Gram-fast material becomes aggregated in the form of granules which appear to be scattered throughout the protoplast, the substance of which is now Gram-negative (plate 11, figure 2). It is not infrequent to find this material arranged as a string of granules round the perimeter of the cell, an appearance suggesting th at it is a surface material. The addition of lithium and lanthanum salts to living welchii suspensions produces the same effect of flocculation, and here too the material would seem to be on the surface of the cell.
The granules are very obvious too in ultra-violet photographs (plate 12, fig. 10 ). In this case they are evenly scattered, and it is not possible to determine whether they are carried on the surface of the cell or are distributed throughout the whole substance of the protoplast. The difference we think may be due to the fact that in Gram preparations the cells are dried and fixed on to a glass surface, whereas the ultra-violet photograph is taken from cells suspended in a fluid medium.
Finally, Cl. welchii cells when fully extracted are completely negative by the Gram technique (plate 11, figure 3 ), yet these same cells show some granulation by ultra-violet light. It may be th at the granules are so small as to be easily de colourized by alcohol, or it may be that they represent some material th at is not Gram-fast under the conditions of staining.
Cells of Cl. welchii which have been extracted with bile salt until they are Gram-negative would seem to be thinner than are unextracted Gram-positive cells (plate 11, figure 3 ). This effect is in part perhaps due to osmosis, but as the bile extract contains cell constituents which represent from 20 to 25 % of the cell weight it would seem more likely that the diminution in transverse diameter is due to actual loss of substance.
As to the actual location of the nucleic salt, i.e. whether it is a surface material, or whether it is evenly distributed throughout the substance of the protoplast, we have been unable to reach any definite decision.
Extracted Cl. welchii cells taken from the same suspension as those depicted in plate 11, figure 3, when placed in 0-5 % Mg nucleate gave good coupling and restitution of the Gram-positive reaction after 20 min. contact (plate 11, figure 4), and it will be noted that they appear ragged as compared with normal unextracted cells.
B. Saccharomyces cerevisiae. Healthy yeast cells when fixed by heat and stained by the Gram method appear jet black under the microscope, and it is not possible to make out any intimate detail in such preparations (plate 11, figure 5 ).
The stripping of these cells by bile salt would appear to occur in two stages. In the first of these the whole cell stains less intensively and takes on varying shades of blue. Soon after this the surface of the cell becomes stippled with blue dots of varying sizes, and less commonly the positive material appears as a network enclosing the whole cell (plate 11, figure 6 ). When all this surface material is lost it is found that the outline of the cell is no longer apparent in Gram preparations. There are, however, revealed certain details in the internal structure of the cell previously obscured by the positive surface material. The most important of these is a large Gram-positive body circular or oval in shape which we take to be identical with the so-called 'sap vacuole'. In the second stage of stripping, this body is progressively decolourized, the material on its surface and in its substance taking the form of coarse and irregular Gram-positive granules which become fewer in number and smaller in size until they finally disappear. Thus in Gram preparations of completely extracted cells only the framework of the 'sap vacuoles' faintly stained with the counterstain are discernible. It is, however, possible to differentiate the cell outline by establishing a background with nigrosine as in Fleming's (1941) method for capsules (plate 11, figure 7) .
Suspensions of non-extracted yeast when examined by ultra-violet light of 260 m y show each cell to have a clear cell wall of considerable thickness inside which lies the protoplast. This protoplast is bounded on its outer surface by a cell membrane with which there is incorporated some substance that absorbs u ltra violet light of 265 m/^ (plate 12, figure 11), and only when this is removed by bile extraction does the outline of the ' sap vacuole ' as a well-defined structure become obvious (plate 12, figure 13 ). When the cell contents diminish in volume as the result of osmosis the thin cytoplasmic membrane may become wrinkled as the protoplast shrinks away from the cell wall (plate 12, figure 12), and it will be noted th at in this case the cell wall is sufficiently rigid to retain its shape and outline.
In Gram preparations of reconstituted cells (plate 11, figure 8 ) the positively staining material is found in the form of granules scattered through the substance of the protoplast, and it is aggregated also in and around the vacuole.
It has not been possible so far to obtain preparations showing black Gram positive cell membranes which are so characteristic of yeast cells before extraction.
Extracted yeast cells (plate 12, figure 13 ) when coupled with magnesium ribonucleate and photographed in ultra-violet light show th at the salt is deposited in and around the vacuole in such a way that this structure seems to be literally smothered (plate 12, figure 14) .
When coupling experiments are unsuccessful, failure may be attributed to the use of cells which have suffered autolysis before extraction with bile salt.
D i s c u s s i o n
The Pneumococcus, one of the earliest Gram-positive organisms to be described, is possessed of an extremely active autolytic enzyme system and is also readily soluble in bile, features which have been the subject of exhaustive study over several decades. In discussing the facts which were then available Mair (1929) voiced the generally accepted opinion when he stated: 'There is every reason to believe th at autolysis and bile solubility are identical and th at bile salts act simply by hastening the natural autolytic process.' For our more recent knowledge in respect of pneumococcal autolysis we owe much to Dubos and his colleagues. In 1937 Dubos showed th at the breakdown enzyme system contained in all types of Pneumococcus operates over an optimal range of pH 6-5 to 8-0, and th at the activity of this system is completely destroyed by heating at 60° for 10 min. Also, Dubos & McLeod (1938) in the following year succeeded in isolating from commercial pancreatin and from a diversity of tissues, including human leucocytes, enzymes which were capable of acting on killed pneumococci as substrate. These enzymes are heat resistant, act best at 70° C, and have a pH range of 5-0 to 9-3. Probably they are to be classed with the enzyme discovered by W alter Jones (1920) in pancreas. I t has been called a ribonuclease by Dubos (1937) and was investigated by Kunitz (1940) who obtained it in crystalline form. I t would appear then th at the first enzyme, viz. that obtained from the Pneumococcus itself, is inactivated at 60° C, while the members of the second group, which are obtained from animal tissues, are unaffected by that temperature. Moreover, the character of the breakdown enzyme system seems to be different in the two cases. In the first instance the heat-killed pneumococcal cells are first rendered Gram-negative.
They are then disintegrated and finally dissolved. With the second group digestion proceeds no further than the production of Gram-negative cells. It is possible therefore that, by subjecting living cells of Cl. welchii and of cerevisiae to the action of bile salt at 60° C, there may be brought into play a depolymerizing ribonuclease, while the remainder of the bacteriolytic system which produces disintegration and solution at 38° C is suppressed at 60° C. Cells killed by heating to 80 or 100° C we have found can be changed into Gram-negatives by bile salt as easily as living cells. This fact would not exclude the possibility of enzyme action because the known ribonucleases are thermostable and may prove to be highly resistant to heat, especially when they are coupled with the appropriate substrate. At the same time it is well to note that no enzyme resembling a ribonuclease has so far been isolated from bacteria. Perhaps the best argument against the possibility of enzyme action playing any part in bile-salt extraction at 60° C lies in the fact that, whereas bile-extracted cells suitably reduced readily couple up with the magnesium salt to give the Gram-positive molecular complex, cells which become Gram-negative as the result of autolysis will not do so. It would seem th at in the latter instance the coupling protein either goes into solution or that, if it remains in the cell, its coupling capacity is lost. At present we prefer to regard the highly surface-active bile salt as dissociating the nucleic acids from their salt-like combination with a protein and then dissolving them.
The magnesium ribonucleate which is found in the bile-salt extract probably exists as a nucleoprotein in the living cell. Whatever the nature of the union between the nucleic acid and the protein it is obviously one which can be readily broken. In fact the ribo-salt can be extracted to a certain extent from Gram-positives by prolonged boiling in neutral physiological saline. As this is also true of metachromatinic and volutin granules which have been recognized as nucleic compounds by Meyer (1904) and Zikes (1922) , it seems likely th at there may be a close kinship or even identity of part of these substances with magnesium ribonucleate. This view is supported by the fact that cells treated with weak formaldehyde resist extraction with bile salt at 60° C, in the same way th at granules of volutin after fixation in formaldehyde resist the action of solvents such as boiling water and weak alkali. As coming in the same category mention should be made too of the mitochondria investigated by Regaud (1908) and also of the cytoplasmic particles isolated and analysed by Claude (1941) . In both instances the ribonucleoproteins are combined with lipoid.
To look upon ribonucleoproteins as being no more than reserve food substances is to miss their possible function as precursors of the deoxy-compounds which go to the fabrication of the nucleus itself. White (1942) has suggested th at 'the preliminary stages of mitosis must involve the transference of nucleotides from the cytoplasm to the chromosomes, their conversion from ribo-to deoxyribonucleotides, and their polymerization into long chains'. That such a relationship exists is discussed by Mirsky (1943) , who cites the experimental evidence of Brachet (1933) in respect of sea-urchin eggs. Before fertilization these were found to contain an excess of the ribo-over the deoxyribo-compound, but after fertilization the ribo-compound diminishes while the deoxy-compound increases in amount. Caspersson & Schultz (1940) were able to confirm this by their ultra-violet absorption data obtained also from sea-urchin eggs.
Our bile salt-yeast extracts do not appear to contain deoxyribonucleic acid, although Rochlina (1933) and Badian (1937) have demonstrated the presence of Feulgen-staining chromosomes in yeast cells. But these structures are extremely small as compared with the whole yeast cell, and the small amount of deoxy-acid they yield may indeed be masked by a large excess of the ribo-compound. On the other hand, in the case of Cl. welchii extracts the deoxy-compound is present in considerable amount, representing about 10% of the total nucleic acid yield. Sevag, Smolens & Lackman (1940) have reported th at streptococci yield deoxy ribonucleic acid in amounts of from 2 to 5 % of the total dry weight.
It would appear that in Gram-positives, th at part of the cell which retains the basic dye is a type of nucleoprotein, possibly a protein-nucleate. The protein in unautolysed cytoskeletons is firmly bound, contains an arginine constituent and -SH groups, the latter possibly forming part of an oxido-redox system. Further wrork on the nucleoproteins and on the amounts and ratio of the two nucleic acids in various micro-organisms will be reported in a later communication.. J o r d a n a n d F a lk . C laude, A. 1941 A. S y m p . Quant. B iol. 9, 263. D eussen, E . 1918 F eulgen, R . 1919 -20 H oppe-Seyl. Z . 108, 147. F eulgen, R . & R ossenbeck, G. 1924 H oppe-Seyl. Z . 135, 203. F lem ing, A. 1941 J . P ath. Bact. 53, 293. G ram , C. 1884 Fortschr. M ed. 2 (6), 185. G u tste in , N . 1924 Zbl. B akt. I, 93, 233. G u tste in , N . 1925 a Zbl. B akt. I, 94, 145. G u tste in , N . 1925 b Zbl. B a kt. I, 95, 347. G u tste in , N . 1926 Zbl. B akt. I, 100, 1. E x p l a n a t i o n o f P l a t e s T he illu stra tio n s of Cl. ivelchii in p la te 11 are p re p a re d from d irec t c o n ta c t p rin ts ta k e n from n eg ativ es on p a n c h ro m a tic m a teria l. T he b a c te ria l cells are en larg ed 2000 d ia m eters, a n d th e d ifferen tiatio n betw een G ram -positive a n d G ram -n eg ativ e in d iv id u als h as been effected b y th e use of screens consisting of p o ta ssiu m b ic h ro m ate solutions, th e source of illu m in a tio n being a P o in to lite electric lam p. T he illu stratio n s of Saccharomyces cerevisiae w ere o b ta in e d u n d er co n d itions sim ilar to th o se w hich h av e been describ ed for Cl. welchii. T h e illu stra tio n s in p la te 12, w hich re p re se n t b o th Cl. welchii a n d Saccharomyces cerevisiae, also a t a m a g n ifica tio n of 2000 d iam eters, are from n eg ativ es ta k e n w ith th e B a rn a rd u ltra -v io le t m icroscope, u sing illu m in atio n w ith a w av e-len g th of 265 m/L W e w ish here to express our g rate fu l th a n k s to D r C. R . H a rin g to n , F .R .S ., D irec to r of th e N a tio n a l I n s titu te for M edical R e search a t H a m p ste a d , for g ra n tin g us facilities in o b ta in in g th ese illu stratio n s. W e w ould like also to th a n k th e sta ff of th e O p tical D e p a rtm e n t o f th e I n s titu te for th e tim e, energy a n d skill th e y h av e given so g enerously in p re p a rin g th e se u ltra -v io let p rin ts. P l a t e 11 F ig u r e 1. Cells of Cl. welchii, solidly sta in e d b y th e G ram m e th o d . F ig u r e 2 . A sta g e in th e b ile-salt e x tra c tio n of Cl. welchii. M any of th e G ram -p o sitiv e cells are m a rk e d ly g ra n u la r, w hile th e G ram -n eg ativ e cells are b u t slig h tly sta in e d w ith th e co u n te r-sta in a n d are in d istin c t.
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F ig u r e 3. E x tr a c te d Cl. welchii cells, w hich h av e been im m ersed in 2 % bile sa lt a t 60° for 18 h r. T h ey w ere th e n w ashed tw ice in physiological saline, a n d k e p t for 18 h r. in 0*4 % form aldehyde. T he G ram -stain ed p re p a ra tio n show ed a n occasional G ram -p o sitiv e in d iv id u al, to g e th e r w ith a few fa in tly g ra n u la r b a c te ria , b u t th e b u lk of th e cells w ere com p letely G ram -negative.
F ig u r e 4. T he G ram -n eg ativ e cells show n in figure 3 w ere p laced in c o n ta c t w ith a 0-5 % so lu tio n of m agnesium rib o n u cleate for 20 m in. a t ro o m te m p e ra tu re , a n d sta in e d p r e p a ra tio n s show ed th e m now to be stro n g ly G ram -positiv e.
F ig u r e 5. Cells of Saccharomyces cerevisiae sta in e d b y th e G ram m e th o d . T h ey a p p e a r q u ite b lack a n d show no s tru c tu ra l details.
F ig u r e 6. Y ea st cells in process of e x tra c tio n b y bile sa lt. T he G ram -p o sitiv e m a te ria l h as been largely rem oved from th e surface of th e cells a n d is re p re se n te d b y no m ore th a n a fine stippling. T he so-called 'sap v a c u o le s5 are now e v id en t as large deep ly sta in in g G ra m p o sitiv e bodies.
F ig u r e 7. T he final sta g e in th e e x tra c tio n b y bile sa lt show s a m ass of cells w hich w hen sta in e d b y th e G ram te ch n iq u e show G ram -n eg ativ e 'sap v a c u o le s' only w hile th e cell outlines h av e disap p eared . I n th is p re p a ra tio n th e o u tlin es of fully e x tra c te d cells h av e been m ad e visible b y th e use of nigrosin.
F ig u r e 8. F u lly e x tra c te d cells w ashed w ell a n d set in 0*4 % fo rm ald eh y d e, th e n p laced in 0*5 % m agnesium rib o n u cleate, reg ain th e ir G ram -p o sitiv e ch a racter. T he surface of th e cell becom es stip p led a n d th e 'sap v a c u o le ' is h ea v ily sta in e d w ith th e basic dye.
P l a t e 12 F ig u r e s 9-14 are from neg ativ es ta k e n w ith u ltra -v io le t lig h t a t a w av e-len g th of 265 m/£.
F ig u r e 9. Cells of Cl. welchii before bile-salt ex tra c tio n . T he cells are lo ad ed w ith m a te ria l w hich ab so rb s th e u ltra -v io le t lig h t a n d a p p e a r as o p aq u e ro d s p ac k ed w ith or covered over w ith a n in fin ity of e x tre m ely fine granules.
F ig u r e 10. Cells of Cl. welchii a fte r bile-salt e x tra c tio n . T h e u ltra -v io le t a b so rp tiv e m a te ria l h as been rem o v ed ex c ep t for a few sc a tte re d g ran u les, a n d th e cells are now p erv io u s to u ltra -v io le t light.
F ig u r e 11. Cells of Saccharomyces cerevisiae before b ile-salt e x tra c tio n . T he ab so rp tiv e m a te ria l is ag g re g ate d in or on th e cyto p lasm ic m e m b ran e, w hich lies inside th e cell w all.
F ig u r e 12. Cells of Saccharomyces cerevisiae a fte r b ile-salt ex tra c tio n . T he ab so rp tiv e m a te ria l h as been rem oved, a n d th e cell m e m b ran es are w rin k led , th o u g h th e cell w alls are still rigid.
F ig u r e 13. Cells of Saccharomyces cerevisiae com p letely e x tra c te d w ith bile sa lt. T he cells are now tra n slu c e n t, a n d th e 'sap v a c u o le s', also larg ely tra n slu c e n t, a p p e a r as large a n d sh a rp ly defined stru c tu re s. figure 5 , w ere tr e a te d w ith 0-4 % form ald eh y d e saline a n d th e n coupled w ith 0-5 % m ag n esiu m rib o n u cleate. T he 'sap v a c u o le s' are seen to be sm o th ered w ith ab so rp tiv e m a te ria l, a n d th is is p re se n t in such large a m o u n ts as to fill u p th e w hole cell in ce rta in indiv id u als.
